Motivation is a major indicator of students' learning behaviors. Therefore, researchers require consistent and valid instruments to assess students' motivation. Consequently, motivation has been an important topic in medical education research for the last decade. The present study evaluated the construct and predictive validities of the French version of the Strength of Motivation for Medical School-Revised questionnaire (SMMS-R-FR). Our sample comprised 372 students at three French-speaking medical schools, who filled in the SMMS-R-FR and the Revised two-factor Study Process Questionnaire (R2-SPQ). Results confirmed the three-factor structure of the original SMMS-R questionnaire. Reliabilities were good for the Total Strength of Motivation scale, moderate for the Willingness to Sacrifice and Readiness to Start subscales, and poor (but still acceptable) for the Persistence subscale. Both Total Strength of Motivation and Readiness to Start positively predicted a deep learning approach and negatively predicted a surface learning approach, while Willingness to Sacrifice positively predicted a deep learning approach and Persistence negatively predicted a surface learning approach. Our results both support the SMMS-R-FR's suitability as a tool for measuring motivation in medical students, and suggest that it could be used to guide the development of educational interventions to strengthen motivation.
Introduction
Motivation, defined as "any internal process that energizes, directs, and sustains behavior," 1 is the driving force that underlies "why people think and behave as they do." 2 Studies of motivation's impact on training date back to the 1930s, but higher education researchers, especially those in the field of health sciences, did not start taking an interest in the issue until much later, as they assumed that students e40 who choose their field of study must necessarily be motivated. 3, 4 However, research on medical education has highlighted the importance of motivation in training, with higher levels of student motivation predicting engagement in learning activities; perseverance, even in the case of failure; mobilization of effective learning approaches; and academic performance. [5] [6] [7] [8] [9] [10] [11] Given the degree to which motivation affects medical training, White and Gruppen called upon researchers to make motivation a key topic in medical education studies. 12 To do this, researchers must have consistent, reliable, and valid instruments for measuring student motivation. 13 Many of the instruments commonly used to study motivation in medical education were inspired by Self-Determination Theory 4, 14 and most are designed to assess types of motivation, that is whether an individual is motivated to act by external factors ("extrinsic motivation") or by internal factors ("intrinsic motivation"). These instruments include the Self-Regulation Questionnaire (SRQ) and the Academic Motivational Scale (AMS). [15] [16] [17] [18] [19] The Strength of Motivation for Medical School (SMMS) questionnaire was developed in the Netherlands in the early 2000s to assess the strength of motivation, defined as "the applicant's or student's readiness to start and continue medical training regardless of sacrifices, setbacks, misfortune or disappointing perspectives." 20 As the authors highlighted, strength of motivation does not necessarily correlate with quality of motivation. Responses to each of the SMMS's sixteen items, noted on 5-point Likert scales, are combined to give a single Total Strength of Motivation score. However, the authors warned against using SMMS assessments for high-stake selection purposes because of the risk of a social-desirability effect on students' responses. Instead, they recommended using the SMMS throughout the medical school program in order to assess the ability of selection processes to identify the best equipped students (e.g., those who are the most highly motivated).
A subsequent validation study led to a revised version of the SMMS (SMMS-R) containing fifteen items, which were divided into three subscales on the basis of a principal components analysis. Hence, the SMMS-R provides three subscale scores as well as a Total Strength of Motivation score. 21 The SMMS-R has acceptable reliability and correlates moderately positively with the AMS and negatively with Maslach Burnout Inventory-Student Survey Exhaustion subscale. 6, 22 These correlations are in line with constructs measured by AMS and Maslach's Exahustion subscale: motivation in students and feeling exhausted, respectively. In addition, SMMS-R scores are linked to the way students gain entry to medical school, with students admitted following a selection procedure obtaining higher Total Strength of Motivation scores than those admitted via a lottery or on the basis of school examination grades. 23, 24 Finally, strength of motivation is a dynamic parameter that primarily due to the age and maturity and, to a small extent, with gender, older female students showing the highest SMMS-R scores. 22 Nevertheless, more research is needed to confirm the SMMS-R's construct and predictive validities with respect to assessing motivation. To the best of our knowledge, An et al. is the only study to have analyzed the validity and accuracy of the SMMS-R outside the Netherlands. 25 Their findings, based on a sample of 986 Chinese medical students, support the SMMS-R's three-factor structure. The present study further extends these validity analyses by focusing on French-speaking countries in order to allow SMMS-R use in their Medical schools and therefore provide a consistent instrument for motivation assessment. Moreover, previous studies have explored how the type of motivation influences learning approaches, but have not analyzed specifically how the strength of motivation affects learning approaches. Conclusive findings could or could not support educational intervention to strengthen motivation which in turn would optimize learning approaches. To this end, we 1) evaluated the reliability of the three-factor structure of the French version of the SMMS-R (Force de la Motivation chez les Etudiants en Médecine, SMMS-R-FR) and 2) determined the SMMS-R-FR's predictive validity for deep and surface learning approaches.
Methods

Survey Setting
The present study was part of a larger, multi-site research project that follows cohorts of medical students throughout their training program, assessing, among other things, the impact of e41 motivation on learning strategies, academic performance, and career choices.
Sample and survey administration
Our multi-site, cross-sectional study focused on three French-speaking medical schools in Switzerland (Lausanne, Geneva) and France (Strasbourg). All three schools offer a full, six-year medical training program that includes a student-selection process, based on an examination taken at the end of the first year (pass rates are around 40% in Switzerland and 30% in France).
Before beginning our study, we obtained approval for the survey from Switzerland's Institutional Review Board and France's Research Ethics Board. We collected data at all three medical schools in May 2018. Students (Year 3 in Lausanne, Year 5 in Geneva and Strasbourg) completed the survey on a voluntary basis during a regular class period. Responses were anonymous. We produced both paper and online versions of the survey, so students who had their own computers in the classroom could provide their responses online. In order to include students who were not in class when we administered the paper questionnaire, we sent reminders to complete the online version one and two weeks after it was first administered.
Average return rates for the Lausanne (LA), Geneva (GE), and Strasbourg (STR) medical schools were 74% (N= 104/140), 96% (N= 84/88), and 98% (N=189/192), respectively, giving an overall mean return rate of 90% (N= 377/420). We excluded five students (one male in LA, one female in GE, two males and one female in STR) from our analyses because they answered less than 85% of the items on the questionnaire, so our final sample comprised 372 students.
Considering all three schools, 63% of the respondents were female (n=235). As we expected, given that LA students were in Year 3 and GE and STR students were in Year 5, respondents from LA (mostly born in 1995) were significantly younger than respondents at GE and STR (mostly born in 1995 and 1994, respectively, p<.001).
Measures
Strength of Motivation for Medical School -Revised -French version (SMMS-R-FR).
The SMMS-R is a structured professional instrument for evaluating strength of motivation for medical studies. 21 The scale's 15 items, five of which are reversed (R), are scored on 5-point Likert scales (1 = strongly disagree to 5 = strongly agree). These 15 items are divided into three subscales, each containing five items: Willingness to Sacrifice (e.g., "Even if I could hardly maintain my social life, I would still continue medical training"), Readiness to Start/Continue (e.g., "I wouldn't consider any other profession than becoming a doctor"), and Persistence (e.g., "I would quit studying medicine if I were 95% certain that I could never become a specialist in the field of my choice"). Summing the scores for the three subscales gives a Total Strength of Motivation score. Subscale scores can range from 5 to 25, so total scores can range from 15 to 75. We used the French version of the SMMS-R (Force de la Motivation chez les Etudiants en Médecine, SMMS-R-FR), which two independent reviewers at our institutions had translated from English to French and then translated back into English through an iterative process which follows a backward translation. 
Data Analysis
Descriptive
We calculated descriptive statistics for demographics, SMMS-R-FR, and R2-SPQ. The Chi-square was used to compare the proportions of female and male e42 respondents at each school. We also conducted ANOVAs with post hoc Bonferroni corrections to compare the ages of respondents at each school and to determine whether there were any differences between the schools in terms of SMMS-R-FR total scale and subscale scores, and R2-SPQ Deep Approach and R2-SPQ Surface Approach scores.
We used the classic Cronbach's alpha coefficients to assess reliability. Critical values for single measures were: α > .90 = excellent, α > .80 < .90 = good, α > .70 < .80 = acceptable, α > .60 < .70 = questionable, α > .50 < .60 = poor, and α <.50 = unacceptable. 28 Type I error rates were set at .01.
Construct validity
Because we hypothesized that factors are dependent on each other, we used a principal component analysis (PCA) with Promax Rotation to aggregate the 15 SMMS-R-FR items. We checked the correlations between items (Bartlett's test) as well as multicollinearity. We combined criteria (i.e., scree plot, eigenvalue < 1.5, and interpretability) to check the three-factor structure of the original, English version of the SMMS-R 29 and calculated Pearson's correlations between retained factors. Critical values for Pearson's r correlations were: r > .50 is high; .50 > r > .30 is moderate, and .30 > r > .25 is low. 30 The critical value for significant factor loading was > .40.
31
Predictive validity
We used linear regression analyses (mean difference and 95% confidence intervals) to determine whether SMMS-R-FR total scale and subscales predicted Deep Learning and Surface Learning approaches, as reported in previous studies of motivation and learning approaches. 7, 8 We checked the usual linear regression assumptions (normality, homoscedasticity, autocorrelation of residuals and multicollinearity).
We used SPSS version 25 for all our analyses (IBM Corp., Armonk, NY, USA). Table 1 shows the means of the SMMS-R-FR total and subscale scores, and 2R-SPQ scores for each school.
Results
Descriptive
There were no differences between the schools in the means for the SMMS-R-FR total scale and subscale scores. However, the mean Surface Approach score on the 2R-SPQ was statistically significantly higher for students from LA than for students from GE and STR (p < .01).
As Table 2 shows, the reliability of the SMMS-R-FR was acceptable for Total Strength of Motivation and questionable to acceptable for the Willingness to Sacrifice and Readiness to Start subscales for all the schools. The reliability of the Persistence subscale was poor. Cronbach's alphas for this subscale were lowest for GE, but still within acceptable limits. Reliability of the 2R-SPQ was acceptable for both the Deep Approach and the Surface Approach for all three schools. Figure 1 shows the PCA with Promax Rotation scree plot for the SMMS-R-FRS, with no constraints on the number of factors. The scree method gave a critical angle at Factor 2 and, to a lesser extent, after Factor 3 and after Factor 4.
Construct validity
The PCA yielded three factors (KMO .88, p<.001, 44% of variance explained, see Table 3 ). Items 3, 4, 6, and 11 cross-loaded significantly (> .40) on Factor 1, but cross-loadings on this second factor were always lower than the cross-loadings on their primary factor.
Factor 1 was positively and moderately significantly correlated with both Factors 2 and 3. We also found a low, but still significant, positive correlation between Factor 2 and Factor 3.
Predictive validity
Linear regression analyses of students' learning approaches showed that Willingness to Sacrifice and, to a lesser extent, Readiness to Start have positive predictive validity for Deep Approach (see Table 4 ). Conversely, Persistence and, to a lesser extent, Readiness to Start have negative predictive validity for Surface Approach.
In addition, Total Strength of Motivation has positive predictive validity for Deep Approach and negative predictive value, although with lower Beta values, for Surface Approach. 
Discussion
The present study applied the French version of the SMMS-R (SMMS-R-FR) to three classes of medical students in French-speaking countries, in order to assess the scale's construct and predictive validities for deep and surface learning approaches. Over all, results confirm positive similarity between our validation and the original version. Results confirmed the reliability and validity of the SMMS-R's original three-factor structure. In addition, predictive validity was good for the Total Strength of Motivation scale and for all three of the SMMS-R-FR's subscales, although correlation strengths varied across scales and learning approaches.
Our work confirms the SMMS-R-FR's internal reliability, which, similarly to the original validation, was moderate to good for all the scales except the Persistence subscale. As for the original SMMS-R, the reliability of the Persistence subscale was poor, but still acceptable. 21 Hence, the SMMS-R-FR's Total Strength of Motivation scale and three subscales can be considered suitable for use with French-speaking medical students. However, results for the Persistence subscale must be interpreted with caution.
In terms of the scale's construct validity, our results confirm the original SMMS-R's three-factor structure. Combining psychometric criteria with existing theory (the three-factor structure reported by 3 and the interpretability of the items' content provided further support for this structure. 29 However, in contrast with the SMSS-R, cross-loadings 
Conclusion
Overall, SMMS-R-FR scores positively predicted a deep approach and negatively predicted, but to a lesser extent, a Surface Approach. This suggests that strengthening motivation in students could be a way of fostering a deep learning approach and thereby improving academic performance. Promoting a deep learning approach is a huge challenge in medical education. 32, 33 Evidence for the impact of contextual factors on the choice of learning approach is limited and sometimes contradictory. [34] [35] [36] [37] Our findings about the SMMS-R-FR's predictive validity complement studies into the impact of motivation on learning approaches 3 and pave the way for developing new educational interventions aimed at strengthening motivation.
Nevertheless, because our study involved a relatively small sample of medical students, its findings may not be generalizable to the SMMS-R, and further validation is needed to confirm the superiority of the SMMS-R's three-factor structure over the original one-factor solution. In addition, all the students in our sample were French speakers and had gone through similar medical school selection procedures (based on multiple-choice questionnaires at the end of year 1). Further studies are needed to validate the SMMS-R and compare results for other populations of students. A larger and more diverse sample could be used to identify cut-off points at which SMMS-R scores predict various individual and contextual variables (e.g., educational context, type of motivation, academic achievement). Finally, our study's cross-sectional design prevented us investigating the stability of SMMS-R-FR scores and how motivation varies as students progress through medical school. We are currently conducting a followup study in the three medical schools.
We recommend using the SMMS-R-FR in Frenchspeaking medical schools because we believe it has an important role to play in assessing student motivation. However, like the SMMS-R, the SMMS-R-FR is not intended to be used as a selection tool, but it can be used to assess how well a selection process works or to better understand the characteristics of a cohort of medical students. The SMMS-R-FR could also be used to guide the development of educational interventions to improve motivation. If our results are confirmed and extended by further analysis, this could be a way to increase deep learning strategies among medical students.
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